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ABSTRACT 
Ashley Jordan Harrill: Aqueous-Phase Processing of 2-Methyltetrol Sulfates by Hydroxyl 
Radical Oxidation in Fog and Cloud Water Mimics:  Implications for Isoprene-Derived 
Secondary Organic Aerosol  
(Under the direction of Jason D. Surratt) 
 
2-Methyltetrol sulfate diastereomers (2-MTSs), formed from acid-catalyzed multiphase 
chemistry of isoprene-derived epoxydiols (IEPOX), are the most abundant organosulfates (OSs) 
found in atmospheric fine particulate matter (PM2.5). 2-MTSs have also been measured in 
atmospheric waters including cloud water, rainwater, hailstones, and snow. In a series of 
controlled batch reactor experiments of fog and cloud water mimics, we determined the effective 
second-order rate constant, and thus estimated the atmospheric lifetime (~ 4 hours), against 
aqueous hydroxyl radical (•OH) oxidation of 2-MTSs by using ion chromatography. Chemical 
changes of 2-MTSs were determined using hydrophilic interaction liquid chromatography 
interfaced to electrospray ionization high-resolution quadrupole time-of-flight mass spectrometry 
and tentative reaction mechanisms were proposed; specifically, formation of unique 
functionalized OSs and organic acids typically derived from cloud water processing of water-
soluble organics. These OSs and organic acids from cloud/fog water •OH processing of 2-MTSs 
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CHAPTER 1: INTRODUCTION 
 
            Isoprene (2-methyl,1-3 butadiene) constitutes approximately half of the total atmospheric 
biogenic volatile organic compound (BVOC) emissions each year;1 specifically, 500 Tg C year-1 
are emitted from vascular plants and microalgae, rivaling annual emissions of methane.1 The 
most important atmospheric sink of isoprene is its photochemical oxidation by gas-phase 
hydroxyl radical (•OH).2 Previous studies have demonstrated that the atmospheric •OH oxidation 
of isoprene under low-nitric oxide (NO), high-hydroperoxy radical (HO2•) conditions is a major 
source of secondary organic aerosol (SOA).3-8 SOA forms in the atmosphere through the 
oxidation of VOCs by producing semivolatile or low-volatility organic products that either 
condense or nucleate into the particle phase or water-soluble products that undergo aqueous-
phase processing within wet aerosols or cloud/fog waters.9-11 For many years, isoprene was 
thought not to be a major SOA source due to the high volatility of its known oxidation 
products;12,13 however, it is now well accepted that acid-driven multiphase chemistry enabled by 
the uptake of the water-soluble isoprene-derived oxidation products into aerosol water produces 
high yields of SOA.4,6,14-17 Isoprene-derived SOA has been estimated to contribute 2 Tg year-1; 3 
however, large uncertainties remain in the amount of isoprene-derived SOA formed each year 
due to insufficient knowledge about its atmospheric formation and destruction.2,18 The most 
dominant source of SOA from isoprene is from the acid-driven multiphase chemistry of isoprene 
epoxydiols (IEPOX).15,16,19 Under low-NO, high-HO2• conditions, isoprene oxidation by •OH  
yields large quantities (181 Tg C yr-1) of isoprene hydroperoxides (ISOPOOH), which is further
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oxidized by gas-phase •OH to yield large amounts (115 Tg C yr-1) of IEPOX.7,20 
SOA has been found to comprise a large mass fraction of the atmospheric fine particulate 
matter (PM2.5, aerosol particles with aerodynamic diameters ≤ 2.5µm). 21-23 Epidemiological 
studies have linked PM2.5 concentrations to adverse health effects, including exacerbation of 
asthma and increased mortality due to lung cancer and cardiopulmonary disease.24-26 Isoprene-
derived SOA has been shown to cause comparable oxidative stress potential to diesel 
emissions.27 While previous toxicological studies have demonstrated that isoprene-derived SOA 
elicits an inflammatory/oxidative stress cellular response and often targets lung cells,28,29 not 
much is known about the health effects of isoprene SOA and other highly oxidized, aged SOA 
species.30 In addition to adverse health effects, PM2.5 causes degradation in visibility31 and plays 
a role in Earth’s climate.32 As a result, understanding the sources and sinks of SOA, particularly 
isoprene-derived SOA, is critical due to their influence on public health, atmospheric 
composition and climate, as well as visibility.33 
IEPOX has been recently shown to extensively convert particulate inorganic sulfate 
(Sulfinorg) into organosulfates (OSs).19  More specifically, 2-methyltetrol sulfates (2-MTSs) are 
the most abundant OSs produced from acid-driven multiphase chemistry of IEPOX with Sulfinorg 
derived from emissions of sulfur dioxide (SO2). 2-MTSs have been shown to be the most 
abundant SOA constituents measured in atmospheric PM2.5, contributing up to 13% of the total 
organic carbon (OC) in PM2.5 collected downtown Atlanta, GA34, and up to 15% of the total 
organic matter (OM) mass in PM2.5 collected during the 2017 Lake Michigan Ozone Study35. In  
addition to their high abundance in PM2.5 ,36 they have also been measured in cloud water 
samples,37,38 precipitation, such as rainwater, hailstones and snow,39 as well as in free 
tropospheric aerosols.40,41 This demonstrates that 2-MTSs are able to make their way into cloud  
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water; however, it is uncertain whether these compounds can be chemically transformed through 
cloud or fog water oxidation chemistry.11,42  
The atmospheric chemical sinks of particulate 2-MTSs are poorly understood. Recently, 
Chen et al. 43 demonstrated that fine particulate 2-MTSs could undergo heterogeneous •OH 
oxidation (τ = 16 ± 2 days), yielding multifunctional OSs. In addition, Lam et al. 44 demonstrated 
that particulate 3-methyltetrol sulfate esters, minor MTS isomers compared to the 2-
MTSs,45  undergo heterogeneous •OH oxidation with an estimated chemical lifetime of 16.2 ± 
0.3 days. We hypothesize that 2-MTSs may also undergo •OH oxidation in fog or cloud waters. 
In this work, we systematically assess the aqueous-phase processing of 2-MTSs in a series of 
controlled dilute aqueous chemistry experiments that mimic mostly fog water conditions. The 
aim of our study was to determine whether 2-MTSs can be oxidized under fog- and cloud-
relevant conditions with aqueous-phase •OH, as well as determine underlying chemical 
mechanisms. Concentrations of 2-MTSs were monitored by using ion chromatography (IC) and 
new organic products (i.e., OSs) were chemically characterized using hydrophilic interaction 
liquid chromatography interfaced to electrospray ionization high-resolution quadrupole time-of-
flight mass spectrometry (HILIC/ESI-HR-QTOFMS). Fog-water •OH oxidation kinetics and 
potential reaction schemes are discussed on the basis of this information. The findings from this 
work will help to better understand the aqueous-phase •OH processing of 2-MTSs, the most 
abundant and ubiquitous OSs in the atmosphere;36 such processing might have implications for 
the composition, properties (e.g., volatility or phase state) and behavior of isoprene SOA.   
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CHAPTER 2: EXPERIMENTAL METHODS 
 
 Batch Reactor Experiments of 2-MTSs with Aqueous •OH: Fog and Cloud Water 
Mimics.  Fog- (300 µM; N=3) and cloud-relevant (30 µM; N=1) •OH oxidation experiments 
were conducted using a batch reactor previously described in detail by Tan et al. 46 Briefly, in the 
bulk aqueous phase, reactions between 2-MTSs (300; 30 µM) and •OH (10-12 M, modeled •OH) 
were executed within a 1 L glass reaction vessel (Table 1). By the addition of 150 µM H2O2 
(Sigma Aldrich, 30% w/w) to the reactor, aqueous •OH was produced by the photolysis of H2O2 
using a 254 nm mercury lamp (254 nm, Heareus Noblelight, Inc, Duluth, GA), which was placed 
at the centerline of the annular reactor in a quartz immersion well. 2-MTSs (86.7 %) were 
synthesized in house, as recently described by Chen et al.43 The reaction vessel was maintained a 
constant temperature of 26.2 °C through the use of a water jacket and chiller. Exposure to 
ambient light was minimized during experiments by encapsulating the reactor in aluminum foil. 
Sample aliquots (2 mL) were removed at 0, 2, 5, 10, 20, 40, and 60 minutes after photooxidation 
began (i.e., after the pre-warmed lamp was inserted into the immersion well). Catalase (100 µL 
at 1% catalase, 12852 units mg-1 protein, Sigma Aldrich) was added to each sample aliquot 
immediately to destroy any remaining H2O2 and prevent oxidation in collected samples awaiting 
analysis. In addition to photolysis experiments, the following control experiments were 
conducted: 2-MTS + UV only and 2-MTS + H2O2 only.
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Determination of •OH Concentrations During Batch Reactor Experiments.  We 
estimated an average •OH radical concentration ([•OH]avg) of 6.29 ×10-12 M under the 
experimental conditions used in the present study. This was determined by modeling theoretical 
•OH production using Power Law Analysis and Simulation (PLAS Copyright © 1996 – 2012 by 
António Ferreira) chemical solver software. The first five equations and rate constants within the 
Lim et al.17 reaction scheme provide the foundation for the •OH oxidation chemistry of glyoxal. 
These were used to predict •OH formation patterns and concentrations. Experimental conditions 
were simulated within PLAS (1.5×10-4 M H2O2 initial concentration). These results (Figure 1) 
represent theoretical •OH concentrations for the duration of the experiment. Within the first 
reaction, the rate constant is dependent upon the photon flux of the 254 nm mercury lamp 
(Heareus Noblelight, Inc, Duluth, GA).  
 
Figure 1. Changes in •OH concentration (M) as modelled by PLAS from aqueous •OH oxidation 






IC Analysis.  IC analyses were conducted using the method previously described by 
Tomaz et al.47.  Briefly, 25-μL aliquots of each sample taken from the batch experiments 
were analyzed by IC (ICS 3000, Thermo Fisher) using an IonPac AS11-HC guard column (2×50 
mm, Thermo Scientific) and anion-exchange column (2 ×2 50 mm, Thermo Scientific) at a flow 
rate of 0.4 mL min-1. The conductivity detector (Dionex) was set to 35 °C. The 40-min potassium 
hydroxide (KOH) gradient elution scheme used for the entirety of the analysis is as follows:  1 
mM KOH increased to 30 mM KOH at 25 min; ramped to 84 mM KOH at 35 min; remained at 
84 mM until 35.1 min decreased back to 1 mM until 40 min. Compounds within the samples 
were identified using authentic standards.  
HILIC/ESI-HR-QTOFMS Analysis. HILIC/ESI-HR-QTOFMS analyses were 
conducted using the method outlined in Chen et al.,43 but first developed and described in detail 
by Cui et al.45 In short, 2-MTSs and its oxidation products were chemically characterized by 
HILIC/ESI-HR-QTOFMS operated in the negative ion mode. Two experiments were selected for 
detailed HILIC/ESI-HR-QTOFMS analyses, including one experiment conducted at fog water-
relevant concentrations (300 µM, Expt. 3, Table 1) and one experiment conducted at cloud 
water-relevant concentrations (30 µM, Expt. 4, Table 1). A 50-μL aliquot of each aqueous 
sample was withdrawn and diluted in 950-μL acetonitrile (ACN, HPLC grade, Fisher Scientific) 
immediately after collection and stored in the dark at −20 °C prior to analysis within 48 hours. A 
5-μL aliquot of each standard or sample was injected onto a Waters ACQUITY UPLC ethylene 
bridged hybrid amide (BEH-Amide) column (2.1 × 100 mm, 1.7-µm particle size, Waters) that 
allows HILIC separation. The HILIC separation program, UPLC system, QTOFMS, and 
instrumental conditions have been previously described in detail.43,45 Mass spectral data was 
analyzed by Mass Hunter Version B.06.00 Build 6.0.633.0 software (Agilent Technologies) for  
7 
sample aliquots corresponding to reaction times of 0 to 60 minutes. 
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1 Photo oxidation 300a 0.15 Yes 
2 Photo oxidation 300 0.15 Yes 
3 Photo oxidation 300 0.15 Yes 
4 Photo oxidation 30b 0.15 Yes 
5 UV Control 300 0.15 No 
6 UV Control 300 0.15 No 
7 UV Control 300 0.15 No 
8 H2O2 Control 300 0 Yes 
9 H2O2 Control 300 0 Yes 





Figure 2. Averaged relative chemical decay of 2-MTSs in response to UV control experiments 
(n =3).   
 
 
            
Figure 3. Averaged relative chemical decay of 2-MTSs in response to H2O2 control experiments 
(n =3).   
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CHAPTER 3: RESULTS AND DISCUSSION 
 
Dilute Aqueous •OH Oxidation Kinetics of 2-MTSs. The •OH-initiated decay of 2-MTSs 
across time during each 300 µM photooxidation batch experiment (Expts. 1-3, Table 1) is shown 
in Figure 4.  
 
Figure 4. Averaged relative chemical decay of 2-MTSs in response to aqueous •OH oxidation in 
fog water mimics (n =3). Standard error was determined from Expts. 1-3, Table 1.  
 
 
At the end of each experiment ( t= 60 min), approximately 20 % of the 2-MTSs were 
oxidized. The log-normalized decay of 2-MTSs was fit to a linear function to provide a pseudo 
first-order rate constant (k) through Eq. (1). This rate constant incorporates the average 
experimentally-derived •OH concentration as described in the Materials and Methods section.  
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(1) LN(C/C0) = 	−𝑘𝑡	 
The variable C is the measured 2-MTS concentration at experimental time point (t), C0 is 
the initial concentration of the 2-MTSs (t = 0) and t is the experimental time in seconds. The 
measured k from the pseudo first-order approximation was 5.59 ± 0.03 × 10-5 s-1. The uncertainty 
was calculated by finding the averaged standard deviation of Expts. 1-3, Table 1. The average 
•OH concentration was determined to be 6.29 × 10-12 M yielding an effective second-order rate 
constant (k) of 8.88x106 ± 0.03 M-1 s-1 for the 300 µM experiments (N=3; Expts. 1-3, Table 1).  
Compared to other aqueous-phase oxidation mechanisms, the rate for this process is slower than 
•OH oxidation of glyoxal, which has a measured second-order oxidation rate constant of 1.1 x109 
M-1 s-1.16 The process is ~8 times faster than the •OH oxidation of oxalic acid, which has a 
second-order oxidation rate constant of 1.4 x106 M-1 s-1. 46 The measured k from the pseudo first-
order approximation for the 30 µM experiment (N=1; Expt. 4, Table 1) was 1.63 × 10-2 s-1, 
yielding an effective second-order rate constant (k) of 2.59 x 109 M-1 s-1 for the cloud water 
mimic experiment (Figure 5). 
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Figure 5. Chemical decay of 2-MTSs in response to aqueous-phase  OH oxidation in a cloud 
water mimic experiment (n =1).   
 
The atmospheric chemical lifetime of 2-MTSs against •OH processing in cloud/fog waters 
(Eq. 2)  depends not only on the second-order rate constant determined here, but also on the •OH 
concentrations in cloud/fog water. It is currently accepted that steady-state aqueous-phase •OH 
concentrations in clouds are in the range of 3.0 x10-15 to 8.4 x 10-12 M 48. Paulson et al.49 have 
proposed that during a cloud’s infancy there is a spike in the production of aqueous-phase •OH, 
resulting in high concentration bursts of •OH (0.1 to 3.5 x 10-6 M). This is due to previously 
unreported interactions between iron (II) and peracids within atmospheric waters. Using these 
cloud-relevant •OH concentrations, the atmospheric lifetime can be predicted to be as long as 
1.19 years to 3.72 hours in accordance with Tilgner and Herrman.48  If, in fact, 2-MTSs 
encounter •OH concentrations as high as suggested by Paulson et al.49 at the onset of cloud/fog 
formation, 2-MTS oxidation would be rapid, with aqueous phase lifetimes as short as 0.03 to 
1.12 s, potentially transforming 2-MTSs into lower volatility organosulfate products(as 
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described in subsequent sections below) in addition to inorganic sulfate (Sulfinorg). On cloudy 
days, particulate 2-MTSs may be incorporated into cloud droplets for 10-30 minutes per cloud 
passage for one to three cloud passages per hour and cycle in and out of these atmospheric 
waters for approximately 5 hours.50 Given the calculated atmospheric lifetime of 2-MTSs against 
•OH oxidation, this process may be an important transformation process of these compounds 
currently not considered. 





There remain uncertainties in the accepted range of [•OH]ss concentrations, due to 
discrepancies between measured values.48,49,51,52 The formation pathways of •OH in atmospheric 
waters are highly complex and remain uncertain due to incomplete understanding regarding the 
contributions of reactive organics, such as organic hydroperoxides, photosensitizers, and bursts 
of in situ •OH production.49 There are also variations in •OH concentrations between urban 
versus rural environments.48 Higher •OH formation rates within urban settings may be due to the 
presence of water-soluble transition metal ions (TMIs).53 These uncertainties impact the 
atmospheric lifetime calculation by giving it a range of years to potentially even seconds. 
 Chemical Characterization of Dilute Aqueous-Phase Products and Reaction 
Mechanisms. Atmospheric waters are a medium in which dissolved SOA can transform over the 
course of its atmospheric lifetime. Cloud and fog processing can alter the properties of dissolved 
organics,54-56 resulting in changes to both the gas and aerosol composition after droplet 
evaporation and altering the composition of wet and dry deposition. •OH is the dominant oxidant 
found within atmospheric waters and is produced via multiple reaction pathways.48,57,58 These 
include, but are not limited to, the photolysis of H2O2,  nitrate photolysis, organic peroxide 
photolysis, and photo-Fenton reactions in situ59-62 and partitioning from the gas-phase •OH 
14 
radicals (H•OH = 30 M atm-1).63 •OH and 1O2 oxidation dominates the aqueous-phase processing 
of organics,61,64 unlike chemistry in wet aerosols where non-radical chemistry is often 
observed.65,66 Alkyl radicals (R•) are formed through the reaction of dissolved organics, such as 
2-MTSs, with aqueous •OH. An accessible hydrogen is abstracted within the molecule to create 
R•. Once R•  radicals are formed, they subsequently react with dissolved oxygen present in the 
cloud or fog waters to form organic peroxy radicals (RO2•). This process is similar to that 
outlined in detail by Chen et al.43 when describing heterogeneous •OH oxidation of 2-MTSs on 
the surfaces of aerosols. In comparison to the heterogenous •OH oxidation of suspended 
particulate 2-MTs performed by Chen et al.43, we found many of the same OS products were 
formed during dilute aqueous-phase •OH oxidation (this work) of 2-MTSs. This indicated that 
RO2 radical chemistry was likely similar to that of Chen et al.43 
 The following OSs products were observed using HILIC/ESI-HR-QTOFMS for (N=2; 
Expts. 1,4, Table 1), including those at [M – H]– ions at mass-to-charge ratios (m/z) 155 
(C2H3O6S-), 211 (C5H7O7S-), 213 (C5H9O7S-), 227 (C7H7O8S-), 229 (C5H9O8S-), and 231 
(C5H11O8S-), all of which were observed by Chen et al.43  Structural and retention time 
information are summarized in Table 2. OSs detected at m/z 211 (C5H7O7S-) and 213 (C5H9O7S-) 
are potential products of the hydrogen abstraction by •OH on the secondary carbon as labeled C1 
within Scheme S1 of Chen et al.43 Hydrogen abstraction by •OH at the primary carbon labeled 
C2 within Scheme S2 of Chen et al.43 outlines the potential mechanism leading to the OSs 
detected at m/z 227 (C5H7O8S-), 229 (C5H9O8S-), and 231(C5H11O8S-). OSs detected at m/z 199 
(C4H7O7S-), 211(C5H7O7S-), 213(C5H9O7S-) can also be described using Scheme S4 of Chen et 
al.,43 with hydrogen abstraction by •OH at a primary carbon (C4).  
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HILIC results from this series of experiments were compared to PM2.5 samples taken 
from Look Rock, USA, Manaus, Brazil, and the heterogeneous •OH oxidation of particulate 2-
MTSs (Figure 6). OSs detected at m/z 211 (C5H7O7S-), 213 (C5H9O7S-), 229 (C5H9O8S-), and 231 
(C5H11O8S-) were observed across all experiments. Any differences in retention times or peak 
characteristics may be due to variations in experimental setup or matrix complexities.  
 
 
Figure 6. HILIC/ESI-HR-QTOFMS extracted ion chromatograms (EICs) of OSs detected at the 
following [M – H]– ions: m/z 199 (C4H7O7S-), 211 (C5H7O7S-), 213 (C5H9O7S-), 229 (C5H9O8S-), 
and 231 (C5H11O8S-) formed through aqueous-phase •OH oxidation of (30µM) 2-MTSs 
(observed as [M – H]– ions at m/z 215), heterogenous •OH oxidation of 2-MTSs, and PM2.5 
samples collected from Look Rock, USA,  Manaus, Brazil, and Galápagos, Ecuador. 
 
 Over the course of the •OH oxidation of 2-MTSs, there was a generation of inorganic 
sulfate (Sulfinorg). Figure 7 shows the change in percent composition of the experimental solution 
over the hour of aqueous-phase •OH oxidation (Expt. 1-3, Table 1.). Percent composition was 
determined by measuring changes in concentrations of 2-MTSs and Sulfinorg. Using the law of 
16 
conservation of mass, the discrepancy in the starting mass values for both give the relative 
production of other products over the course of each photooxidation experiment. At the 
beginning of each experiment, on average 6.66 % of the experimental solution was Sulfinorg. This 
can be attributed to either sulfate impurity within the 2MTSs standard and/or background sulfate 
within the Milli-Q water used to prepare the 300-μM 2-MTSs starting solution. After an hour of 
aqueous-phase •OH oxidation, the Sulfinorg concentration doubled to comprise 11.85 % of the 
experimental mixture. Other products, including OSs discussed previously along with low-
molecular weight non-OS organics (i.e., glycolaldehyde and hydroxyacetone), increased from 
0% at onset to 9.4% of the average experimental mixture. These compounds, as measured 
by HILIC/ESI-HR-QTOFMS and outlined in Table 2, are a set of smaller organic products 
commonly observed in atmospheric waters10.  
 
Figure 7. Changes in composition due to aqueous-phase •OH oxidation of 2-MTSs during a 
typical 1-h experiment. “SULFinorg” denotes inorganic sulfate. “Other” includes OS and non-
OS organic products measured (Tables 2 and 3, respectively). 
17 
CHAPTER 4: ATMOSPHERIC IMPLICATIONS 
 
This work investigates the aqueous-phase kinetics of 2-MTSs against •OH oxidation and 
the resulting oxidation products. IC measurements reveal that the chemical lifetime of 2-MTSs 
against aqueous •OH oxidation in fog/cloud water is in a range of values (0.03 s to 1.19 yr), due 
to uncertainties in steady-state concentrations of •OH within atmospheric waters. Depending 
upon atmospheric conditions, this process may prove to be competitive alongside reactions like 
the aqueous-phase •OH oxidations of glyoxal and oxalic acid.46 Until more accurate •OH 
concentrations can be approximated, this measurement is a source of uncertainty within our 
calculations.  
 HILIC/ESI-HR-QTOFMS analyses provide direct experimental evidence that the 
aqueous-phase •OH oxidation of 2-MTSs yield OSs seen in PM2.5 collected during previous field 
campaigns. Previous laboratory and field studies;34,35,67  have reported particulate OSs with m/z 
values at 139 (C2H3O5S−), 155 (C2H3O6S-), 169, 171, 185 (C3H5O6S-), 211 (C5H7O7S-), 213 
(C5H9O7S-), 227 (C7H7O8S-), 229 (C5H9O8S-), and 231 (C5H11O8S-). Recently Chen et al.43 
proposed these OSs could be heterogeneous •OH oxidation products of particulate 2-MTSs. 
Several of these OSs have also been reported in cloud water, rainwater, and hailstones (i.e., OSs 
detected as [M – H]– ions at m/z 211, 213, 229, and 231).37-39 The underlying oxidative chemistry 
to produce these OSs needs to belikely considered, and other oxidants need to be analyzed. It is 
unknown whether 2-MTSs are capable of being oxidized or cycled under 
18 
nighttime conditions, but it is likely that singlet oxygen and nitrate radical could participate in 
oxidative chemistry similarly to •OH. In addition to this, in situ analysis needs to be conducted to 
accurately portray the oxidative aging of 2-MTSs. Atmospheric waters are complex mixtures of 
various species, like aldehydes and organic peroxides as well as TMIs and inorganics.10 The 
laboratory conditions do not completely reflect this but provide a basis for our understanding of 
these processes. In situ analysis would close the gap and reveal discrepancies between laboratory 

















Table 2. Organosulfates identified from aqueous •OH oxidation of 2-MTSs in fog water mimics 
(O:C= 1.4) by using HILIC/ESI-HR-QTOFMS. 





Structure O:C RTa Mass Error 
(ppm) 



















3 C5H11O8S- 231.0180 
 
1.6 6.27 0.64 














6 C2H3O6S- 154.9656 
 
3.0 22.75 -3.03 
 







Table 3. Other products identified from aqueous-phase •OH oxidation of 2-MTSs (O:C = 1.4) by 
HILIC/ESI-HR-QTOFMS.  
No Formula Molecular 
Mass 
(g mol-) 
Structure O:C Common Name 
1 C3H6O2 74.08 
 
0.67 hydroxyacetone 
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